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Introduction
Since 2000, the population of Brunswick County has grown by more than 22 percent, nearly three times the average 7.9 percent growth experienced by the State of North Carolina as a whole (North Carolina State Demographics, 2006) . Growth of this magnitude has the potential to place significant stress on water resources in the area. Brunswick County planners have recognized the potential consequences of landuse changes associated with growth and the resulting increased demand on groundwater resources by consolidating the many public utility providers into one organization and embarking on an aggressive utility expansion plan. In order to make more informed water-resource planning decisions, County officials need up-to-date groundwater-resource information. To address concerns about the availability of groundwater in the Brunswick County area, the U.S. Geological Survey (USGS) and Brunswick County initiated a cooperative water-resources program in 1998.
An overview of hydrologic conditions during water year 2008 is presented in this document, including summaries of precipitation and groundwater conditions for the Brunswick County area. Hydrographs and statistical summaries of continuous groundwater levels collected as part of the cooperative program are presented in the appendix.
Cooperative Water-Resources Program
The Federal-State cooperative water-resources program is a partnership between the USGS and State or local agencies to provide information needed for many of the Nation's waterresources management and planning activities. In addition, the information collected may provide an early warning of emerging water problems. The USGS uses nationally consistent techniques in the collection, quality assurance, and archiving of scientific data. Information is stored in a common database readily available for scientific interpretation and public dissemination. The knowledge gained through cooperative studies is published and added to a national body of hydrologic information. The objectives of the Brunswick County cooperative water-resources program are to (1) monitor water-level fluctuations in the surficial, Castle Hayne, and Peedee aquifers of the North Atlantic Coastal Plain aquifer system and (2) relate observed water-level trends to changes in climatic conditions and (or) groundwater withdrawals. • Maintaining Brunswick County area hydrologic databases
Summary and Statistical Analysis of Precipitation and
• The USGS continually updates the NWIS database with groundwater-level and well information.
• Publishing annual summaries of local water-resources conditions fig. 2) . Although the collection of precipitation data at the Southport station began in January 1948, the period of record from June 1972 through September 2008 was used to create the box plots because this is the period of record that is common for both stations. The monthly sum of daily precipitation for water year 2008 (represented by circles) overlies the box plot for comparison.
Rainfall amounts recorded at the Longwood station (315116) were normal (within the 25-75 th percentile range) for 7 months of water year 2008 and below normal for 5 months (less than the 25 th percentile range; fig. 2A ). The months of October and November 2007, and August 2008 were much drier than normal, with less than 10 percent of the period of record receiving the same amount or less of rainfall.
For water year 2008, rainfall amounts recorded at the Southport station (318113) were normal for 6 months of the year and below normal for 6 months ( fig. 2B ). The months of October and November 2007, and March 2008 were much drier than normal, with less than 10 percent of the period of record receiving the same amount or less of rainfall.
Precipitation recharges the surficial aquifer; therefore, below normal precipitation can be an indicator of drought conditions. To determine if precipitation for water year 2008 was above normal, normal, or below normal at the Longwood and Southport precipitation stations, the total annual rainfall for water year 2008 was compared to the total annual rainfall recorded during water years 2001 to 2008 by using box plots ( fig. 3B ). The total annual rainfall received at both stations 315116 and 318113 was much lower than normal, indicating that Brunswick County experienced a severe drought in water year 2008.
Groundwater-Resources Conditions
Groundwater levels in the Brunswick County area have been continuously monitored since water year 2001 in eight observation wells as part of the cooperative study ( fig. 1 ). Of the eight wells, three are completed the surficial aquifer, one in the Castle Hayne aquifer, one in both the Castle Hayne and the Peedee aquifers, and three in the Peedee aquifer. Waterlevel hydrographs for water year 2008 and the entire period of record for each observation well are presented in the appendix.
Median monthly mean water levels for water year 2008 were compared to monthly mean water levels for water years 2001 to 2008 by using box plots to determine if water levels were above normal, normal, or below normal. The record period covering water years 2001 to 2008 was selected for comparison purposes because this is the data-collection period that all eight wells have in common. To aid interpretation of the water-level box plots, a shaded area corresponding to the period-of-record normal range has been included. Additionally, the results of the water-level comparisons are represented graphically on maps.
Groundwater Levels
During water year 2008, water levels in the surficial aquifer were normal in one (BR-123) of the three wells monitored ( fig. 3 ). Water levels monitored in wells NC-182 and NC-199 were below normal. Below-normal precipitation during much of water years 2007 (McSwain, 2008 and 2008 resulted in reduced recharge to the surficial aquifer, which is reflected by below normal water levels in wells Water levels in the Castle Hayne aquifer were below normal in both wells ) during water year 2008. The Castle Hayne aquifer is pumped in localized areas throughout Brunswick County as a source of potable water. It should be noted that BR-100, a monitoring well located in the Brunswick County well field, is completed in both the Castle Hayne and Peedee aquifers as there is not a confining layer between the two aquifers at this location. Water levels collected in this well are composite values and may not reflect the true water level found in either aquifer.
In the Peedee aquifer, the water level in one of the three wells monitored was normal, and below normal in two wells ( fig. 5) 
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Long-Term Water-Level Trends
Temporal trends in monthly mean water levels in well BR-100 were evaluated for the period of record (February 1999 through September 2008 . Well BR-100 was selected for trend test analysis because of its proximity to the Brunswick County well field (fig. 4) . Because different seasons of the year may cause variations in the monthly mean water level, the distribution-free, nonparametric Seasonal Kendall trend test was used to test for the existence of trends in water-level data from well BR-100. This test, modified from the Mann-Kendall test (Helsel and Hirsch, 1992) , measures the monotonic association between variables to determine whether the variables increase or decrease with time. The Seasonal Kendall test accounts for seasonality by computing a Mann-Kendall test for each month separately (January data are compared only with January, February only with February, etc.) over 12 statistical seasons, then combines the results.
Nearly 10 years of monthly mean water-level record for well BR-100 indicate a statistically significant downward trend of the monthly mean water levels (tau = -0.5198 and p-value = 0.0096). Since the p-value is less than 0.05, there is a 95-percent probability of a trend in the monthly mean water levels for the period of record, and because tau is negative, the trend is downward. The magnitude of the downward trend (slope) is the median of all within-season slopes calculated using the Mann-Kendall test for each month separately. At well BR-100, the slope of the trend is -2.2 feet per year (ft/yr). In the 10 years that the USGS has monitored well BR-100, water levels in the combined Castle Hayne and Peedee aquifers in the area of the Brunswick County well field have declined by about 22 feet.
Summary
The USGS has been working with Brunswick County to monitor water-resources conditions since 2000. This report presents data collected during water year 2008 (October 2007 through September 2008) to summarize the precipitation and groundwater conditions. The normal (25 th to 75 th percentile range) precipitation data for two climatic stations maintained by the State Climate Office of North Carolina and monthly mean groundwater levels for water years 2001 to 2008 at eight observation wells and were related to median monthly mean groundwater levels and monthly sums of daily precipitation for water year 2008 to determine groundwater-resources conditions. Water levels were normal in two wells and below normal in the remaining six wells. A Seasonal Kendall trend analysis was performed on water-level data from well BR-100 because of its proximity to the Brunswick County well field. A 95-percent probability of a downward trend was determined, with water levels declining at a rate of about 2.2 ft/yr. 
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